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The abdominal aortic aneurysm sac after
endoluminal exclusion: A medium-term
morphologic follow-up based on
volumetric technology
R. Singh-Ranger, BSc, FRCS, T. McArthur, DCR, M. Della Corte, W. Lees,
PhD, FRCR, and M. Adiseshiah, MS, FRCP, FRCS, London, United Kingdom
Purpose: The purpose of this study was to evaluate the role of three-dimensional spiral
computed tomographic angiography (SCTA) for the assessment of the feasibility and
results of endoluminal repair of infrarenal abdominal aortic aneurysm.
Methods: Laboratory studies: Phantom glass aneurysms, filled with contrast, underwent
SCTA. The correlation between SCTA and laboratory measurements of linear dimen-
sions and volumes was highly accurate (r2 = 1.0). Clinical studies: From the first 7
patients that were suitable for endoluminal repair, the correlation between SCTA and
angiocatheter measurements was 0.85 to 0.99 (P < .04), but there was poor agreement
between individual values. As determined from the measurements by 2 experienced
investigators, intraobserver and interobserver errors for volume calculation in 12 ran-
domly chosen scans from a total of 120 scans were 5.7 and 4.4 mL, respectively (range
of volumes, 100-403 mL). The conditions of 53 patients were judged suitable for endo-
luminal repair of which 30 patients reached 1 year or more follow-up. The median
aneurysm neck length and diameter were 24.5 mm (range, 11.5-60.8 mm) and 23.4 mm
(18.3-31.5 mm), respectively. The fate of the sac after endografting by two techniques
(pre-expanded polytetrafluoroethylene [PTFE] fixed with Palmaz stents and endografts)
was defined with three-dimensional SCTA.
Results: The sac volume after endografting by pre-expanded PTFE (n = 12 patients)
showed a significant median increase (P = .02) from 129 mL before surgery to 141 mL
at 5 days after the operation with no change at 6 (139 mL), 12 (137 mL), and 18 (159
mL) months later. With the endografts (n = 18), there was an initial increase in median
volume at 5 days (179-194 mL; P = .02) and then a significant shrinkage at 6 (148 mL;
P = .012) and 12 (94.9 mL; P = .02) months.
Conclusion: Three-dimensional SCTA has been validated and is both precise and reliable.
Interobserver and intraobserver errors are within acceptable ranges. Angiocatheter mea-
surements are less accurate and may give misleading information when used for patient
selection and endograft construction. The sac volume increased after endografting and
later shrank in patients who were treated with endografts, but not in those patients
treated with pre-expanded PTFE. We propose that three-dimensional SCTA should be
regarded as the gold standard for linear and volumetric measurement for infrarenal
abdominal aortic aneurysm. (J Vasc Surg 2000;31:490-500)
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The advent of endovascular therapy for abdominal
aortic aneurysm (AAA) has created a need for accurate
and reliable imaging technology. The selection of
patients on the basis of appropriate geometry and
accurate measurement to construct the stent graft
depends on this modality. Imaging should demon-
strate thrombus and calcification in the AAA neck and
the iliac arteries and other features (such as extreme
degrees of angulation and tortuosity in any part of the
aneurysm) that will militate against successful deploy-
ment.1 Of currently available imaging techniques, only
computed tomography (CT) can show thrombus up
to the neck and calcification.2 CT and angiography
can both show degrees of angulation and tortuosity in
any part of the aneurysm. Magnetic resonance angiog-
raphy avoids the use of iodinated contrast and may be
an attractive alternative in patients with renal compro-
mise. However, we have found that it is a poor dis-
criminator for thromboarterial wall boundary and is
unable to detect calcification.
After the operation, changes in the shape and size
of the aneurysm have been incompletely studied. In
various series3-5 the sac (as judged by anteroposterior
diameter) shrinks, remains unaltered, or increases in
size most commonly because of endoleakage.6
Changes within aneurysms after endografting are usu-
ally followed with linear measurements of either
anteroposterior or transverse diameter. Apart from the
fact that any change in maximal diameter of a sphere
results in a volume change proportional to the cube of
this diameter, such measurements suffer a number of
disadvantages. First, the measurements describe the
diameter only in a single cross-section of the aneurysm
sac and take no account of any change in sac shape
that may occur as a result of the endovascular exclu-
sion. In this situation, the maximal anteroposterior
and/or transverse diameters may have altered in level
with respect to the length of the aneurysm. Second,
single diameters may also be recorded at different lev-
els within the sac in the follow-up of an individual
patient. Both these factors would contribute to an
erroneous estimate of the outcome of repair. Finally,
conventional CT slices used for measurement often do
not represent true perpendicular cross-sections of the
aortic lumen. These may appear as ellipsoids with a
false maximal diameter, although it is possible for the
aortic lumen to be truly ellipsoid rather than circular,
thereby further increasing the degree of uncertainty.
In contrast to anteroposterior and transverse
diameters, volume may provide better information
concerning the natural history after endoluminal
exclusion. A single volume measurement incorporates
the sum of all the cross-sectional diameters within a
given shape. In this respect, it is likely to be a more
complete measure of the overall morphologic condi-
tion of an aneurysm1 and therefore provide better
information of the natural history after endoluminal
exclusion.
The aim of this study was to evaluate spiral CT
angiography (SCTA) with three-dimensional (3-D)
reconstruction and multiplanar reformation for the
initial assessment and follow-up of patients after
endovascular repair. We report an experience of 53
patients who were treated with endovascular prosthe-
ses for AAA. We have validated our SCTA method for
initial patient assessment and follow-up using phan-
tom glass aneurysms and have compared 3-D SCTA
with sizing catheter angiography in vivo. The latter
remains a popular method used for the assessment of
AAA.7 Finally, volume measurements to track the
behavior of aneurysms after circulatory exclusion are
used to illustrate the natural history of AAA after an
operation, with two different endoprostheses.
MATERIAL AND METHODS
Validation of spiral CT volume and geometric
data. Phantom tubular aneurysms with a complex
3-D morphologic condition were used to validate
our spiral CT scanner (somatom plus 4; Siemens,
Erlangen, Germany) and postprocessing software.
Six glass aneurysms were hand-blown with tubing
of 2-mm wall thickness and 25-mm outer wall diam-
eter. The aneurysms were allowed to bend in all three
Fig 1. Glass phantom aneurysms used in validation of the
spiral CT scanner.
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spatial planes, and an inherent circumferential eccen-
tricity was introduced during cooling (to mimic real
sacs). Phantoms were stoppered with graduated glass
corks (Fig 1). The phantoms were filled with a mix-
ture of deionized water and iodinated contrast medi-
um (Tohexol [Omnipaque] 350 mg/mL; Nicomed,
Oslo, Norway) in a proportion similar (Table I) to
that found in vivo after bolus tracking during SCTA
of an adult with a total intravascular volume of 5 L.
The density of this solution was calculated as 1.01
g/L at 21.9°C with a pyknometer, which was used to
calculate the volume of each phantom and the solu-
tion it contained.
The maximal anteroposterior and transverse
diameters of the glass aneurysms were measured
over eight observations with electronic callipers
(Mitutoyo, Tokyo, Japan) to obtain a mean and
standard deviation.
Phantoms were imaged flat in the scanner with
our standard SCTA protocol for AAA (Table I). Serial
images were transferred to a postprocessing worksta-
tion (University College London imaging group)
through ethernet cables, which was used to obtain
volumetric and geometric data. Volumes were calcu-
lated by the software with a voxel counting technique,
and distances were measured with markers that could
be accurately placed in 3-D space with the multipla-
nar reformation facility.
Each measurement was made eight times, and the
mean of these was used as the true value. Observed
measurements were compared with the true values
with linear regression analysis.
Comparison of SCTA and perioperative sizing
catheter angiography. Informed consent was ob-
tained from the first seven patients found to be suit-
able for endoluminal repair with SCTA (ethical com-
mittee permission was obtained for these seven
patients from the University College London/
University College London Hospitals Joint Ethics
Committee). These patients underwent fluoroscopic-
guided perioperative sizing angiography with a pigtail
catheter (Cook UK Ltd, Letchworth, United
Kingdom) graduated at 10-mm intervals. The mea-
surements obtained for the length and diameters of
the aneurysm neck and distal cuff and for the intra-
aneurysmal vascular channel length were compared
with the SCTA data with both linear regression and
Bland-Altmann agreement analysis.8
Intraobserver and interobserver variation in
estimation of volume analysis. In this study, 12
spiral CT scans were chosen at random from a series
of 120 with the use of numbers generated by a
Geiger counter measuring background radioactive
decay. These scans were re-examined by the original
investigator (R.S.R.) after a delay of at least 6
months after the first analysis. A second investigator
(T.McA.) was recruited to reanalyze these 12 scans
for the interobserver part of the study. Both investi-
gators were judged to be of equal experience in the
use of the postprocessing software for recording
aneurysm parameters and were blinded to each
other’s results. Only the patients’ original data file
number was stored on optical disk (3M Imitation
Enterprises Corp, Oakdale, Minn), but no clinical
data were made available to the investigators. This
also did not contain any references to prior mea-
surements made on the aneurysms.
The features that were measured were total
aneurysmal volume, intra-aneurysmal vascular channel
(IAVC) volume, maximal aneurysmal anteroposterior
diameter, and maximal aneurysmal transverse diame-
ter.
Total aneurysm volume was calculated from the
level of the lowest renal artery to the aortic bifurca-
tion at a segmentation window of zero Hounsfield
units (HUs). HUs refer to radiologic units for den-
sity values9 that are used to display specific tissues
within CT scans; tissues with HUs lower than the
value selected are excluded from visual display (seg-
mentation) and subsequent analysis. The window
used to calculate the volume of the IAVC was set
separately for every patient from HU profiles of rep-
resentative SCTA slices taken from each scan (Fig 2).
The observer errors were calculated with the coeffi-
cient of reproducibility as defined by the British
Standards Institution (BS 5497, 1979).8 This figure
represents the error that would be obtained between
the two observers, for the measurement in question,
95% of the time if the experiment were repeated on
100 or more occasions. It was derived by first calcu-
lating the sum of the differences between the
Table I. Protocol used for the imaging of glass
phantoms and patients in this study
Item Measurement
Collimation 5 mm
Table speed 7.5 mm/sec
Pitch (scanner rotation 1/sec) 1.5
Contrast Omnipaque 350 
(120-150 mL)
Contrast injection rate 5 mL/sec
(pump injection)
Delay to start of scan 21 sec
Start level Coeliac axis
Finish level External iliac arteries
Reconstruction interval 2.5 mm
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observers. After the latter was squared, it was divid-
ed by the number of observations (n = 12). The
square root of this value was used as the SD of the
differences between observers. This value was multi-
plied by 2 to give the coefficient of repeatability.8
Morphologic outcome after endoluminal
exclusion of AAA. From our initial 53 patients, 30
patients had reached follow-up to 1 year or longer.
(Of the remaining 23 patients, 16 patients had not
reached 1-year follow-up, but this group provided
some data for the intraobserver/interobserver exper-
iment; seven patients died over the 4 years of the
study, three of whom died within 30 days of surgery.)
Twelve patients had received aortouni-iliac expanded
polytetrafluoroethylene (PTFE) prostheses fixed with
Palmaz stents.10 The other 18 patients had received
Talent custom-tailored grafts (World Medical,
Sunrise, Fla). All patients underwent SCTA on post-
operative day 5 and at 6-month intervals thereafter.
The imaging protocol used was exactly the same as
for the phantom aneurysms (Table I). Imaging data
were reconstructed into 3-D format and linked to a
multiplanar orthogonal display. Both displays could
be manipulated in complete 3-D space to allow accu-
rate placement of markers and calculation of geomet-
ric distances. Volumes for the aneurysm and IAVC
were calculated as described earlier.
Statistical comparisons between groups were
made with the use of the Wilcoxon rank test, with a
P value of less than .05 representing a significant
result.
RESULTS
Phantom aneurysm linear and volumetric
measurements. Table II shows the volume results
obtained from the scanning of the glass aneurysms.
Table III shows the results obtained with linear
diameter measurements with the use of spiral CT.
These results are represented graphically after linear
regression analysis in Fig 3.
Comparison of SCTA and sizing catheter
angiography. Results of measurements obtained
from the first seven patients in our group who
underwent endoluminal repair of the AAA are pre-
sented in Table IV. Good correlation was obtained
by the two methods for all three sections of the
aneurysm. This confirmed that both techniques
were recording measurements from the same region
of the aneurysms on each separate occasion.
Agreement analysis, however, gave different data for
all regions (Fig 4).
In Fig 4 A, B, E, there is poor agreement be-
tween spiral CT and the sizing catheter in measure-
ments of the aneurysm neck and IAVC length.
In Fig 4 C, D, the distal cuff length and diame-
ters are compared with their SCTA equivalents.
There appears to be a fixed error of 1 mm for cuff
length and 2 mm for cuff diameter for most mea-
surements when the sizing catheter is used as the
measurement tool. However, the confidence inter-
Fig 2. Calculation of a HU profile across a CT slice. The
increasing values represent the IAVC volume, on either
side of which lies an intra-aneurysmal thrombus. On the
x-axis is marked the distance A-B. The increasing values
on the y-axis represent the edges and the lumen of the
IAVC, on either side of which lies an intra-aneurysmal
thrombus. The density/HU within the lumen increases to
a maximum caused by the mixture of blood and iodinated
contrast medium. The value used to segment the IAVC
volume is chosen one half of the way along the slope of the
profile, in this case 150 HU. This value represents the
edge of the thrombus–blood/contrast interface.
Table II. Comparison of true and measured vol-
umes of glass phantoms with the use of spiral CT
and postprocessing software
True volumes Measured
Aneurysm (mL at 21.9°C) volumes (0 HU) % Error
A 173.74 178.06 +2.72
B 220.72 224.86 +1.88
C 255.50 256.43 +0.36
D 280.94 284.92 +1.42
E 321.19 323.06 +0.58
F 358.49 360.99 +0.7
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vals for all these measurements were wide (Table
IV), making their clinical applicability of little value.
Intraobserver and interobserver comparisons
for volume and diameter measurements. The coef-
ficients of reproducibility for the intraobserver and
interobserver differences are shown in Table V. The
Table shows that both the coefficients within and
between observers are generally comparable. For
example, one could expect an error of 2.31 mm if the
same individual measured the transverse diameter on
every scan and 2.46 mm if a different investigator
were used. This does not hold true in the case of
IAVC volume and anteroposterior diameter estima-
tion. In the former case, the difference of 2.11 mL
may be due to the individual calculation of the HU
segmentation value for the edge of the blood-throm-
bus interface, which was quite subjective. In the latter
case, both observers found difficulty in estimating the
posterior limit of the aneurysm because of the
impingement of the vertebral column, which some-
times greatly obscured the aneurysm sac.
The units used are further points to note in Table
V. Although the magnitude of errors for volume and
linear measurements appear to be similar, volume is
actually proportional to the cube of the diameter.
Hence an intraobserver coefficient of 2.31 mm actu-
ally represents a volume difference of 12.33 mL. In
this respect, a coefficient of 5.7 mL (46%) represents
acceptable reproducibility of volume estimation.
Suitability of patients referred for endolumi-
nal repair. We assessed 159 patients for endovascu-
lar repair of whom 55 patients (35%) were judged
suitable. The initial criteria for unsuitability were (1)
a proximal neck of diameter of more than 30 mm
and a length shorter than 15 mm, (2) neck and ili-
acs judged to be rigidly calcified from unenhanced
radiographs, (3) necks that were angulated more
than 70 degrees, and (4) iliacs that were too narrow
and rigid to allow passage of the stent graft. (With
increasing experience, these criteria were relaxed to
allow a greater proportion of patients the opportu-
nity to undergo endoluminal exclusion.) Two of the
selected patients did not undergo an operation; one
patient declined the procedure, and a second patient
died of rupture while awaiting the operation.
Fifty-three patients underwent endovascular
repair of the AAA with one of the two devices men-
tioned. The median proximal neck length and diame-
ter were 24.5 mm (range, 11.5-60.8 mm) and 23.4
mm (range, 18.3-31.5 mm), respectively. The medi-
an anteroposterior and transverse sac diameters of the
whole sample were 61.8 mm (range, 38.7-102.90
Figs 3. Graphs show the results for volume and linear mea-
surements from SCTA of glass aneurysms. A, Correlation
between true and scanned volumes at zero HU; B, correla-
tion between scanned and true anteroposterior (AP) diam-
eters; C, correlations between scanned and true transverse
diameters.
A
B
C
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mm) and 62.2 mm (range, 39.3-112.10 mm), respec-
tively. The volumes for the aneurysms and IAVC were
157.47 mL (range, 76.69-697.03 mL) and 96.61 mL
(range, 43.96-314.19 mL), respectively. Thirty of
these patients, who had reached follow-up for 1 year
or more, were suitable for further analysis.
Morphologic volume data obtained from
clinical studies. The patients who were treated had
a mean age of 72.9 years (range, 55-93 years). There
were 6 women and 47 men. Four patients in the
PTFE group experienced the development of com-
plications. One patient, in atrial fibrillation, had a
saddle embolus with thrombosis of the aortic graft
to the level of the renal arteries. This was treated
with an axillobifemoral graft. A second patient expe-
rienced the development of a graft infection at 8
months that required open repair. Two patients with
type I endoleak that was detected by SCTA and con-
firmed by angiography were excluded from further
analysis at 8 and 15 months. The former patient
underwent successful endovascular therapy to stem
an upper stent leak and was re-entered into the study
at 12 months from the original repair. In all the
remaining patients, we were unable to demonstrate
Fig 4. Bland-Altmann plots show the degree of agree-
ment between SCTA and sizing angiocatheter. The x-axis
gives the linear measures of diameter and length in mil-
limeters. The y-axis gives the difference between our ref-
erence measurement of SCTA with 3-D reconstruction
and the sizing angiocatheter in millimeters. The difference
is positive when the angiocather overestimates a parameter
and negative when it underestimates. A, AAA proximal
neck length; B, AAA proximal neck diameter; C, distal
cuff length; D, distal cuff diameter; and E, length of the
intra-aneurysmal vascular channel.
A B
C D
E
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endoleakage or slippage or migration of the stent
graft. We observed lumbar and/or mesenteric artery
filling in seven patients, but this was absent after 6
months.
Within the whole group, 5 days after endoluminal
exclusion, there was a significant increase (P = .02) in
total aneurysm volume (25 of the original 30 patients,
10 PTFE endografts and 15 Talent endografts). The
median increase varied from 6.03 mL (range, –13.16-
+29.31 mL) for the PTFE group to 17.35 mL (range,
–404.31-+87.06 mL) for the Talent group. The actu-
al volumes are shown in Fig 5.
For the PTFE group, there was a median
increase of 0.275 mL (range, –13.95-29.35 mL) in
AAA volume at 6 months. This did not reach sig-
nificance (P = .92). Nine patients reached a 1-year
follow-up with a median increase in total sac vol-
ume of 0.98 mL (range, –3.67-17.69 mL), which
again was not significant (P = .13). A further 7
patients at the 18-month follow-up had a gain in
median volume of 1.68 mL (range, –0.77-30.25
mL) with no statistical significance. Only the
patient with a PTFE graft blocked by saddle embo-
lus and contiguous thrombosis showed sac shrink-
age, from a preoperative volume of 109.31 mL to
53.17 mL at 1 year.
In the Talent group, there was a continuing signif-
icant decrease (P = .012) in the total aneurysm volume
(median, –19.20 mL; range, –155.67-+8.26 mL) over
the next 6 months of follow-up. At 1 year, there were
four patients, all of whom showed a decrease in
aneurysm volume approaching that of the IAVC
(median, –12.96 mL; range,  –35.55 to –3.91 mL).
An analysis of anteroposterior and transverse
diameters showed no significant change for either
group over the initial increase in the total aneurysm
volume and for the PTFE group throughout the
whole study period. For the Talent group, both
diameters showed significant (P < .01) decreases
from 6 months onwards. The anteroposterior diam-
Table III. A comparison of the true and measured diameters of glass phantoms with the use of SCTA and
postprocessing software*
True diameters (mm) Measured diameters (mm)
Aneurysm Anteroposterior Transverse Anteroposterior Transverse
A 43.33 ± 0.1 48.83 ± 0.07 44.50 ± 0.46 49.18 ± 0.64
B 55.44 ± 0.06 54.81 ± 0.05 56.75 ± 0.05 55.34 ± 0.46
C 60.51 ± 0.07 60.47 ± 0.1 61.19 ± 0.71 60.69 ± 0.63
D 69.81 ± 0.07 69.84 ± 0.06 70.08 ± 0.50 70.08 ± 0.50
E 76.54 ± 0.05 78.92 ± 0.03 75.83 ± 0.47 79.41 ± 0.48
F 79.74 ± 0.03 79.80 ± 0.03 80.70 ± 0 80.01 ± 0.66
*Each figure is the mean of 8 measurements and the SD.
Table IV. Results obtained from the comparison between SCTA and sizing angiocatheter*
Spearmans Neck length Neck diameter Distal cuff length Distal cuff diameter Length of vascular
correlation results (mm) (mm) (mm) (mm) channel (mm)
ρ 0.99 0.85 0.99 0.99 0.96
P value .02 .04 .02 .03 .02
Confidence intervals –2.93-4.07 mm –0.93-2.07 mm –2.17-0.41 mm 0.26-1.16 mm –7.93-5.65 mm
*The confidence intervals refer to the limits of agreement between the SCTA and angiocatheter measurements.
Table V. The intraobserver and interobserver coef-
ficient of repeatability in the measurement of
aneurysm volumes*
Intraobserver Interobserver
coefficient of coefficient of
Parameter measured reproducibility reproducibility
Total AAA volume 5.7 mL 4.39 mL
IAVC volume 4.38 mL 6.49 mL
Maximum anteroposterior 3.40 mm 4.42 mm
diameter
Maximum transverse diameter 2.31 mm 2.46 mm
*The range of total AAA volume was 99.75 to 402.66 mL; the
IAVC volumes were 44.10 to 319.63; the maximum diameters were
33.9 to 82.4 mm (anteroposterior) and 39.2 to 85.9 (transverse).
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eter decreased by 7.35 mm (range, –18.7 to +1.3
mm) at 6 months and by a further 5.0 mm from the
6-month measurements (range, –7.8 to +3.6 mm) at
1-year follow-up. In similar fashion, the transverse
diameters were altered –5.4 mm (range, –20.3 to
+2.2 mm) at 6 months and a further –2.45 mm
(range, –8.1 to 2.3 mm) at 1 year.
For both groups, immediately after treatment,
there was a significant decrease (P < .005) in the vol-
ume of the IAVC, which then remained stable for
the duration of follow-up. The decrease in vascular
channel volume was demonstrated for 22 of the 30
patients. In the PTFE group, the initial median
decrease was 38.51 mL (range, –235.04 to +25.51
mL); in the Talent group, the initial median decrease
was 8.52 mL (range, –155.76 to +4.92 mL). The
initial increase in total aneurysm volume was
demonstrated to be the result of the formation of
new perigraft thrombus when a portion of the IAVC
volume was excluded by the deployment of the pros-
theses. This estimate was obtained by a calculation
of the difference between the measured total
aneurysm volume and the volume of the IAVC. In
the Talent group, sac volume decreased at 6 months
and 1 year, leading to gross sac shrinkage; but this
was not observed in the PTFE group, in which the
volume remained unchanged. The two patients in
the PTFE group with endoleakage continued to
have an increase in their total aneurysm volume until
further treatment. Only one of these patients had
any demonstrable increase in anteroposterior/trans-
verse diameter.
Fig 5. Box whisker plots show the changes in AAA and IAVC volume after endoluminal exclu-
sion with PTFE or Talent endografts. The median is the center line in each box. The upper and
lower lines are the 75th and 25th percentiles, respectively. The bars refer to the minimum and
maximum values of the range. A, The change in total aneurysm after grafting with PTFE; B,
the change in IAVC volume after grafting with PTFE; C, the change in total aneurysm volume
after grafting with Talent; and D, the change in IAVC volume after grafting with Talent.
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DISCUSSION
The highly significant agreement between 3-D
SCTA and the laboratory methods of accurate mea-
surement by electronic callipers and pyknometry
have amply validated this technique. There is no
commonly accepted form of measurement in the
assessment of patients for endoluminal repair of
AAA. Conventional CT scanners have been used in
preassessment and early follow-up of postendolumi-
nal repair. These have the disadvantages of long scan
times and scanning artefacts because of misregistra-
tion. Patients cannot always suspend respiration for
the scan duration. Further, large doses of iodinated
contrast may have to be administered to provide
visualization of the distal iliac vessels at considerable
risk of renal compromise in susceptible individuals.
Scanners are also unable to reformat data perpendic-
ular to the lumen of blood vessels; therefore diame-
ters can be overestimated. Increasingly, vascular
units use spiral or ultrafast CT scanners with the
ability to render data in 3-D and multiplanar format.
We have found that this adds about 10% to the cost
of a conventional CT scan because of the additional
postprocessing step.
Balm et al2 have described the merits of the SCTA
technique, which acquires volumes of data within
very short scan times. The time required for a typical
aortic scan is of the order 20 to 30 seconds, and no
more than 150 mL of contrast are required. Data can
be reconstituted with the possibility of overlap
between slices, which increases resolution and
removes misregistration artifacts because of respira-
tion. Multiplanar reformatting allows the accurate
measurement of intraluminal diameters and distances
because markers can be placed perpendicular to the
aortic lumen (ie, the flow line can be plotted and used
as a reference for length and diameter measurements).
We have found that the initial assessment of patient
condition for endoluminal repair of AAA is best per-
formed with SCTA. Sizing catheter angiography has
the disadvantage that it is more invasive, by requiring
arterial puncture. Furthermore, patients are exposed
to a larger cumulative dose of intravenous iodinated
contrast, which can cause renal impairment, especially
in those patients with pre-existing renal disease or dia-
betes mellitus.
There are at least three sources of error in the
angiography technique that produce disparity between
the two measurement techniques. First, there is an
error because of distortion from the fluoroscope lens,
which increases radially from the true lens center.
Second, there is a parallax effect caused by the thick-
ness of the imaging screen that affects direct measure-
ment. These errors may be reduced to some extent by
bringing the radiograph source as close as possible to
the patient’s abdomen and using as narrow a field of
view as possible. The abdominal aorta will be closer to
the radiograph source lower down where it lies over
the sacral promontory. At this point, parallax is expect-
ed to be even less and magnification greater. This may
be reflected by the consistent 1- and 2-mm disparities
between the 2 measurement methods in the region of
the distal cuff. Third, problems with the rigid nature
of the sizing catheter can also produce disagreement.
The pigtail catheter tends to pass straight through the
vascular channel through the shortest route and
ignores any deviations in the anteroposterior or trans-
verse planes. This will lead to the undersizing of the
vascular channel length. Overestimation of vascular
channel length (Fig 4 E) is also possible if the measur-
ing catheter bends or bows into an aneurysm sac that
does not contain much thrombus. Inaccurate length
measurement may lead to inadvertent occlusion of the
internal iliac artery on one side in an uni-iliac recon-
struction and possibly to both internal iliacs in a bilat-
eral reconstruction.
Intravascular ultrasound scanning is a promising
technique that is currently being assessed.11 It is of
benefit in detecting complications during deployment
and has also been used to assess patients before an
operation. However, it has not been widely evaluat-
ed,12 and its use is limited to a few specialist units.
Most centers use a combination of both CT and
angiography for assessment. However, the cost and
double exposure to radiographs and contrast are dis-
advantages of this protocol. In view of the results we
have obtained, we advocate the use of a policy of
SCTA alone in the preoperative assessment of our
patients for endoluminal repair. The extra cost
involved is entirely related to the 3-D reconstruction,
which requires specialized software, a peripheral work-
station, and 15 minutes of a specialist’s time. We esti-
mate that there is an additional cost of 10% over that
of the spiral scan alone. SCTA has the added benefit of
visualizing thrombus within the AAA neck and the
iliac arteries or other “landing” sites that may lead to
an incomplete graft-vessel wall seal, resulting in post-
operative endoleak and aneurysm rupture.
After endoluminal exclusion, there is an immedi-
ate increase in the volume of the aneurysm and a
decrease in the IAVC volume. These measurements,
together with qualitative examination of individual
scans, suggest that this may be due to an increase in
perigraft clot. This is true for patients who are treat-
ed with either prosthesis used in this study. This ini-
tial increase in aneurysm volume is not reflected by
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a change in either maximal anteroposterior or trans-
verse sac diameters. For patients with aortouni-iliac
PTFE grafts, the new volume is then maintained in
the longer term, provided that complications (such
as endoleakage) are absent. In contrast, patients with
Talent prostheses continue to demonstrate aneurys-
mal shrinkage. The implications of these findings are
not clear, and although the PTFE group does not
exhibit sac shrinkage, no ruptures have so far been
noted up to 3.5 years after implantation.
The main structural differences between the
Talent and PTFE systems, apart from the graft mate-
rial, is the self-expanding nature of the Talent system
with its greater rigidity and the balloon-expandable
Palmaz stent used in the unsupported PTFE group.
Balloon-expandable devices abolish the pulsatile
motion of the aneurysm neck, whereas this is not
seen with the self-expandable devices.13 It is possible
that the abolition of pulsatile motion at this site may
favor the maintenance of intra-aneurysmal thrombus
in the PTFE group. This would explain the decrease
in volume for Talent-treated sacs. However, one
PTFE patient with a saddle embolus and no intra-
aortic flow below the renal arteries also had marked
sac shrinkage. This introduces a second possibility
based on the observation that the Talent prosthesis
is supported throughout its length, whereas the
PTFE device remains free and unsupported, apart
from at its two ends where Palmaz stents are
deployed. It is possible that the transmission of
intraluminal pressure waves into the sac may also
have some effect on the maintenance of the intra-
aneurysmal thrombus. A final hypothesis is that sac
thrombus is a reaction to the specific graft material
and that PTFE, but not Dacron, encourages an
increase in sac content. This is the subject of contin-
uing work in our unit. In the medium term (12-18
months), aneurysm sac morphologic condition after
exclusion appears to be dependent on the type of
graft used. This may not prove to be the case in the
long term, although four of the patients from the
PTFE group are now 3.5 years and 2 of the patients
from the Talent group are 18 months from implan-
tation without any deviation from the trends
described. The ultimate goal must remain the elimi-
nation of the threat of aneurysm rupture. It is
important to note that these results are obtained
after endovascular exclusion and do not demonstrate
any relationship that may exist between a critical
aneurysm volume and the risk of rupture. The cur-
rently accepted measure of aneurysm diameter as a
predictor of rupture before endovascular exclusion
remains valid. However, it does appear that, from
the two patients with endoleakage, the volume may
be sufficiently sensitive to detect the onset of this
particular complication.
A second consideration relates to the period of
follow-up in our series. This is as far as the medium
term and is too short to make definitive predictions
of therapeutic efficacy in the very long term.
The intraobserver and interobserver analysis of
volume and linear changes has shown that the spi-
ral CT technique with postprocessing of data into
3-D and multiplanar formats has acceptable repro-
ducibility. For example, in terms of volume, 95% of
the differences within and between observers
would lie in the range of 4.39 to 5.7 mL, for a
median volume of 135 mL (range, 99.75-402.70
mL). This represents an error range of only 3.25%
to 4.22% for this median volume. The coefficients
for diameter measurements are also acceptable.
However, the linear coefficients perform less well
than the volume coefficients, giving support to our
original hypothesis that single-diameter measure-
ments represent a relatively inaccurate method for
charting changes in the aneurysm sac after exclu-
sion with a stent-graft. Volume measurements have
been described previously in the follow-up of
aneurysms.14 In this report, within a group of 9
patients, aneurysm sac diameters did not always
reflect the volume changes after endoluminal graft-
ing. It was found that the calculation of thrombus
or IAVC volumes was also necessary to discriminate
successful from failed exclusion. We believe that
volume measurements should become part of the
routine assessment when aneurysms are described
after endoluminal repair. We propose that the new
“gold standard” for the measurement of aneurys-
mal geometry should be 3-D SCTA for selection of
patients for endolumenal repair, selection of cor-
rectly fitting endografts, and for sac changes after
endografting.
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